All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

Cattle temperament is described as the animal's response to handling \[[@pone.0237825.ref001], [@pone.0237825.ref002]\]. Animals with extreme temperaments exhibit a wide variation in production traits; more excitable, temperamental animals have negative effects reported for weight gain, reproductive efficiency, milk production, meat quality and higher disease susceptibility while docile animals, had positive effects \[[@pone.0237825.ref003]\]. For example, weight gain of docile cattle has been reported to be 10--14% higher than that observed for temperamental animals \[[@pone.0237825.ref003]\].

Genetic background plays an important role in expression of temperament. For example, Hohenboken \[[@pone.0237825.ref004]\] found that Brahman (*Bos indicus*) cattle behave differently in corrals and working facilities compared to *Bos taurus* cattle. Recent studies point out that temperament of *Bos indicus*, purebred or Brahman crossbred cattle, negatively impacts performance, human safety and animal welfare, thus their inclusion and use sometimes is avoided, missing the benefits of their superior adaptability to tropical climatic conditions \[[@pone.0237825.ref005]\]. Efforts to improve the temperament in Brahman cattle have included the indirect estimation of heritability (h^2^) of this trait using exit velocity (EV), which was estimated in h^2^ = 0.27 ± 0.1 \[[@pone.0237825.ref006]\], and the use of different approaches to determine the molecular basis of this trait in *Bos indicus*. Hulsman et al. \[[@pone.0237825.ref007]\] studied the association of 54,609 Single Nucleotide Polymorphisms (SNPs) with bovine temperament in a population of Nellore-Angus cattle, measuring it by overall temperament at weaning, based on social separation. Hulsman et al. \[[@pone.0237825.ref007]\] identified 37 genomic regions associated with temperament and located 172 genes, and after an enrichment analysis, identified significant terms of gene ontology, related to sodium ion transport. Valente et al. \[[@pone.0237825.ref008]\] used flight speed to measure bovine temperament in a Nellore population, identifying 6 new candidate genes. In a study of a Guzerat population, dos Santos et al. \[[@pone.0237825.ref009]\] used the BovineSNP50 v2 array and measured the reactivity (the frequency and intensity of its movements while the animal is confined) as a temperament test, in which seven candidate genes related to temperament were identified. These reports not only indicate that genetic control of cattle temperament involves a wide network of genes but also that the breeds and the tests applied to investigate this trait are fundamental to the results obtained. Given the relevance of the Brahman breed in the context of their genetic predisposition to have more excitable temperaments, the objective of this study was to identify genes affecting temperament in two extreme groups, i.e. calm and temperamental Brahman animals selected according to their temperament phenotypes defined by their EV. The candidate genes identified in this work may impact not only basic research but also the application of genomic tools for the improvement of cattle. Temperament is economically relevant for beef cattle production as those with a calm temperament that have better growth performance than more temperamental animals. Identification of markers that allow detection of temperamental animals early in life (e.g., newborn animals) would help Brahman farmers in decision making and will improve human safety and animal welfare.

Materials and methods {#sec002}
=====================

Ethical statement {#sec003}
-----------------

All procedures were in compliance with the Guide for the Care and Use of Agricultural Animals in Research and Teaching 2010 and approved by the Texas A&M University Animal Care and Use Committee AUP 2002--315.

Animals and collected samples {#sec004}
-----------------------------

One hundred and eighty-nine animals were selected from a population of 1,370 Brahman calves (628 male and 742 female) born between 2002 and 2017 at the Texas A&M AgriLife Research and Extension Center in Overton, TX. The management of the Brahman cattle resource herd and data recording were previously reported by \[[@pone.0237825.ref006]\]. All temperament data:

-   Exit Velocity (EV), an objective measure, the rate at which the animals exited the working chute and traveled a distance of 1.83m, measured with an infrared sensor (FarmTek Inc., North Wylie, TX, USA) \[[@pone.0237825.ref010], [@pone.0237825.ref011]\].

-   Pen Score (PS), a subjective measure, based on individual visual assessments of animal behavior while confined to a pen in groups of five animals, where a score of 1 is calm and 5 aggressive \[[@pone.0237825.ref012]\]; and,

-   Temperament Score (TS) were calculated by averaging the PS and EV \[TS = (PS + EV)/2\] \[[@pone.0237825.ref013]\], determined at the time that the calves were weaned from their dams.

Ear notches obtained at the time of weaning were snap frozen and were stored at -80°C until used to determine genotypes.

In this study a selective genotyping approach was applied, this strategy has been used in the analysis of other traits in cattle to facilitate the detection of causative alleles, due to an enrichment of these alleles among phenotypically extreme individuals \[[@pone.0237825.ref014]\]. Unlike other temperament evaluations, the EV and PS have been shown to be positively correlated (r ≥ 0.35, *P* \<0.005) (11). On the basis of EV heritability calculated in the Brahman population used in this work (h^2^ = 0.27) \[[@pone.0237825.ref006]\] and considering EV as an objective measure that offers higher reliability between evaluators than subjective methods (PS), the selective genotyping was achieved following the strategy of tailed EV deviations; the animals were classified into calm and temperamental, based on the sex-group average values (EV) ± 1/2 standard deviation (SD). Of the total population, we identified two groups of temperament-contrasting animals, the calmest and most temperamental. Females were calm if their EV was within the range of 0.16--1.82 m/s (n = 50) and males were calm if their EV was within the range of 0.4--1.56 m/s (n = 48). Females were temperamental if their EV was within the range of 3.13--7.66 m/s (n = 46) and males were temperamental if their EV was within the range of 3.05--10.83 m/s (n = 45).

Genotyping and GWAs {#sec005}
-------------------

The DNA extraction from ear notch samples and genotyping of the 189 animals were done using the GeneSeek Genomic Profiler HD 150K chip (GGP-HD-150K) (Neogen, Lincoln, NE) by the NEOGEN company. The GWAS analyses were performed with PLINK 1.9 software \[[@pone.0237825.ref015]\] using the case-control method for unrelated animals, considering calm and temperamental animals as case and control, respectively. The algorithm considers a single marker association analyses through frequency comparison using a chi-square test. As part of quality control, the following SNP were excluded: a) those with an unknown genomic position; b) those located on a sex chromosome; c) monomorphic SNPs; d) SNPs with minor allele frequency (MAF) below 0.01, and, a call rate below 90%. Individuals with more than 10% missing genotypes were also excluded. After quality control, 172 genotyped animals \[85 males and 87 females; 89 calm (46% males; 54% females) and 83 temperamental (53% males; 47% females)\] were used. SNPs with *P-*values \< 8 × 10−5 were considered significant and associated with EV, and therefore to bovine temperament. From the coordinates provided by the chip information, the physical position of significant SNPs was obtained based on the last available *Bos taurus* genome (ARS-UCD 1.2) using the Genome Data Viewer software available at the National Center for Biotechnology Information (NCBI). Candidate genes were selected based on their location in relation with the significant SNPs, through the genome navigator. All genes around 300Kb downstream and upstream, were selected and analysed according to literature reports.

Effects of significant SNPs with temperament traits {#sec006}
---------------------------------------------------

To assess the effect of significant SNPs on EV, PS and TS, a mixed model was fitted including the fixed effect of sex of calf, individual effect of fourteen loci (rs135340276, rs134895560, rs110190635, rs42949831, rs135982573, rs109393235, rs109531929, rs135087545, rs41839733, rs42486577, rs136661522, rs110882543, rs110864071, and rs109722627). Year of birth was considered as random effect, to capture and remove actual trend effects of this factor on response variables and avoid the use of unnecessary degrees of freedom. The model was fitted using the MIXED procedure. Genotypes with frequency lower than 0.05 were excluded from the analysis. Least square means of the genotypes were estimated and compared by a *t*-test with a Bonferroni adjustment using the PDIFF statement. All statistical analyses were performed using SAS 9.0 (SAS Inst. Inc., Cary, NC, USA).

Results {#sec007}
=======

A total of 104,235 SNPs were evaluated for their association with EV in Brahman cattle. On average, 4,132 SNPs were evaluated in each BTA (*Bos taurus* autosome). The BTA 1 and 25 exhibited the highest and lowest numbers of SNP, respectively. The average distance between adjacent SNPs was 21,039 bp, and the minimum (2 bp) and maximum distances (3,882,807 bp) between adjacent SNP were found on BTA 18 and 5, respectively. The [Fig 1](#pone.0237825.g001){ref-type="fig"} depicts a Manhattan plot with results from the genomic analysis.

![Manhattan plot of the -log10 (*P*-values) for genomic association with temperament evaluated as EV in Brahman cattle.](pone.0237825.g001){#pone.0237825.g001}

The continuous line represents the threshold considered (*P* \< 8.1E−05). According to the significance threshold considered (*P*\<8.1E-05), fourteen SNPs were associated with EV ([Table 1](#pone.0237825.t001){ref-type="table"}). Nine were located on intergenic regions and five on introns of genes *NRXN3* (neurexin 3; GeneID: 614412) *EXOC4* (exocyst complex component 4; GenID: 537690), *CACNG4* (calcium voltage-gated channel auxiliary subunit gamma 4; GeneID: 519331) and *SLC9A4* (solute carrier family 9 member A4; GenID: 536970).

10.1371/journal.pone.0237825.t001

###### SNPs associated with temperament evaluated as EV in Brahman cattle.

![](pone.0237825.t001){#pone.0237825.t001g}

  SNP rs ID     BTA   Position (Mb)   Allele    MAF           Region       *P*-value
  ------------- ----- --------------- --------- ------------- ------------ -----------
  rs135340276   15    56.1            \[C/T\]   0.691/0.308   Intergenic   5.46E-06
  rs134895560   11    41.0            \[A/G\]   0.634/0.365   Intergenic   2.03E-05
  rs110190635   11    40.9            \[A/G\]   0.443/0.556   Intergenic   2.47E-05
  rs42949831    17    30.4            \[C/T\]   0.582/0.417   Intergenic   3.19E-05
  rs135982573   10    90.6            \[A/G\]   0.263/0.737   Intron       3.24E-05
  rs109393235   4     97.0            \[G/A\]   0.106/0.894   Intron       3.40E-05
  rs109531929   21    15.2            \[A/G\]   0.355/0.644   Intergenic   3.83E-05
  rs135087545   29    30.9            \[A/G\]   0.326/0.673   Intergenic   4.48E-05
  rs41839733    17    30.4            \[C/T\]   0.461/0.538   Intergenic   4.96E-05
  rs42486577    13    82.2            \[C/T\]   0.836/0.163   Intergenic   4.96E-05
  rs136661522   19    63.0            \[G/A\]   0.249/0.751   Intron       5.16E-05
  rs110882543   11    40.9            \[A/G\]   0.682/0.317   Intergenic   5.45E-05
  rs110864071   11    7.2             \[C/T\]   0.193/0.807   Intron       7.51E-05
  rs109722627   11    7.2             \[T/G\]   0.473/0.527   Intron       8.18E-05

BTA = *Bos taurus* autosome, Mb = Megabases, MAF = Minor allele frequency.

Seventeen genes were mapped around the significant SNPs located on intergenic regions ([Table 2](#pone.0237825.t002){ref-type="table"}). These genes were *LOC10713318* (uncharacterized), *TSKU* (tsukushi, small leucine rich proteoglycan), *LOC112441553* (uncharacterized), *GUCY2E* (guanylate cyclase 2E), *LOC112441534* (uncharacterized), *LRRC32* (leucine rich repeat containing 32), *LOC107133180* (uncharacterized), *EMSY* (EMSY transcriptional repressor, BRCA2 interacting), *ACER3* (alkaline ceramidase 3) on BTA 15, while the genes *VRK2* (VRK serine/threonine kinase 2), *FANCL* (FA complementation group L) and *TRNAC-ACA* (transfer RNA cysteine), were located on BTA 11. The genes *SLCO3A1* (solute carrier organic anion transporter family member 3A1) and *LOC112443232* (uncharacterized) were located on BTA 21. Finally, the genes *LOC112449388* (uncharacterized), *LOC101903665* (uncharacterized) and *DOK5* (docking protein 5) were located on BTA 13. The genes *VRK2*, *FANCL* and *TRNAC-ACA* were identified by three SNPs associated with temperament (rs134895560, rs110190635 and rs11088254). For rs135087545, rs42949831 and rs41839733, no neighboring gene was identified.

10.1371/journal.pone.0237825.t002

###### Genes mapped close (\~300 Kb) to SNPs associated with EV of Brahman cattle.

![](pone.0237825.t002){#pone.0237825.t002g}

  SNP              Gene around 300 Kb   Distance                                         Description
  ---------------- -------------------- ------------------------------------------------ ---------------------------------------------------------
                   *LOC107133182*       5.8                                              Uncharacterized
  rs135340276      *TSKU*               11                                               Anterior commissure morphogenesis (GO:0021960)
  *LOC112441553*   52                   Uncharacterized                                  
  *GUCY2E*         85                   Guanylate cyclase activity (GO:0004383)          
  *LOC112441534*   67.8                 Uncharacterized                                  
  *LRRC32*         110.9                Nucleoplasm (GO:0005654)                         
  *LOC107133180*   124                  Uncharacterized                                  
  *EMSY*           233                  Nucleoplasm (GO:0005654)                         
  *ACER3*          78.2                 Ceramidase activity (GO:0102121)                 
  rs134895560      *VRK2*               219.5                                            Protein serine/threonine kinase activity (GO:0004674)
  rs110190635                                                                            
  *FANCL*          131                  Ubiquitin protein ligase activity (GO:0061630)   
  rs110882543      *TRNAC-ACA*          87.7                                             Uncharacterized
  rs109531929      *SLCO3A1*            57.2                                             Sodium-independent organic anion transport (GO:0043252)
  *LOC112443232*   129.8                Uncharacterized                                  
  rs42486577       *LOC112449388*       50                                               Uncharacterized
  *LOC101903665*   55.3                 Uncharacterized                                  
  *DOK5*           220                  GTPase activator activity (GO:0005096)           

Kb = kilobases, GO = gene ontology.

Association of significant SNPs {#sec008}
-------------------------------

The association of the fourteen SNPs on three temperament traits, i.e., EV, PS and TS was determined. As shown in [Table 3](#pone.0237825.t003){ref-type="table"}, all of the SNPs evaluated were associated with EV (*P*\<0.01) only rs42486577 was associated with PS. The rs42949831, rs135982573, rs41839733 and rs110882543, were associated with TS. The most significant association with EV was shown for rs135087545, rs110864071 and rs109722627, located in the *SLC9A4*. The three SNPs are in LD (r^2^ = 0.266), and, it should be noted that the SNP in the *EXOC4* gene had the greater significant difference between genotypic means for EV, with the carriers of GG genotype having EV values 2.64 m/s greater than the AA genotype ([Table 3](#pone.0237825.t003){ref-type="table"}), while the homozygote GG genotype exhibited a TS that was 1.57 SD greater than those of the AA genotypes.

10.1371/journal.pone.0237825.t003

###### Least square means of genotype effects of SNPs associated with Brahman temperament traits using a mixed model fitted.

![](pone.0237825.t003){#pone.0237825.t003g}

                                                             *P*-values                                    Least square means                                                                                                                                                
  ------------ --------------------------------------------- --------------------------------------------- --------------------------------------------- -------- -------- ------ --------------------------------------------- -------------------------------------------- ---------------------------------------------
  Intergenic   rs135340276                                   \-                                            0.0027                                        0.0510   0.0015   `CC`   2.09 [^a^](#t003fn001){ref-type="table-fn"}   2.62[^a^](#t003fn001){ref-type="table-fn"}   2.36[^a^](#t003fn001){ref-type="table-fn"}
  `TC`         2.89 [^b^](#t003fn001){ref-type="table-fn"}   3.15[^ab^](#t003fn001){ref-type="table-fn"}   3.02[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `TT`         3.34 [^b^](#t003fn001){ref-type="table-fn"}   3.49[^b^](#t003fn001){ref-type="table-fn"}    3.41[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  Intergenic   rs134895560                                   \-                                            0.0002                                        0.6969   0.0088   `AA`   1.87 [^a^](#t003fn001){ref-type="table-fn"}   2.83                                         2.35[^a^](#t003fn001){ref-type="table-fn"}
  `AG`         2.95 [^b^](#t003fn001){ref-type="table-fn"}   3.05                                          3.00[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `GG`         3.36 [^b^](#t003fn001){ref-type="table-fn"}   3.12                                          3.23[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  Intergenic   rs110190635                                   \-                                            0.0005                                        0.0679   0.0019   `AA`   1.72 [^a^](#t003fn001){ref-type="table-fn"}   2.32                                         2.02[^a^](#t003fn001){ref-type="table-fn"}
  `AG`         2.44 [^a^](#t003fn001){ref-type="table-fn"}   3.10                                          2.77[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `GG`         3.23 [^b^](#t003fn001){ref-type="table-fn"}   3.03                                          3.13[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  Intergenic   rs42949831                                    \-                                            0.0192                                        0.8468   0.3732   `CC`   2.09 [^a^](#t003fn001){ref-type="table-fn"}   3.05                                         2.57
  `TC`         2.58[^ab^](#t003fn001){ref-type="table-fn"}   2.93                                          2.76                                                                                                                                                              
  `TT`         3.21 [^b^](#t003fn001){ref-type="table-fn"}   2.83                                          3.02                                                                                                                                                              
  *NRXN3*      rs135982573                                   1                                             0.0138                                        0.9508   0.1374   `GG`   2.19 [^a^](#t003fn001){ref-type="table-fn"}   2.92                                         2.55
  `AG`         3.12 [^b^](#t003fn001){ref-type="table-fn"}   2.97                                          3.04                                                                                                                                                              
  `AA`         3.08 [^b^](#t003fn001){ref-type="table-fn"}   3.04                                          3.06                                                                                                                                                              
  *EXOC4*      rs109393235                                   7                                             0.0005                                        0.1687   0.0023   `AA`   2.31 [^a^](#t003fn001){ref-type="table-fn"}   2.83                                         2.57[^a^](#t003fn001){ref-type="table-fn"}
  `AG`         3.44 [^b^](#t003fn001){ref-type="table-fn"}   3.46                                          3.45[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `GG`         4.95 [^b^](#t003fn001){ref-type="table-fn"}   3.32                                          4.14[^ab^](#t003fn001){ref-type="table-fn"}                                                                                                                       
  Intergenic   rs109531929                                   \-                                            0.0082                                        0.1936   0.0141   `AA`   3.31 [^b^](#t003fn001){ref-type="table-fn"}   3.16                                         3.21[^b^](#t003fn001){ref-type="table-fn"}
  `AG`         2.76[^ab^](#t003fn001){ref-type="table-fn"}   3.15                                          2.95[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `GG`         2.09 [^a^](#t003fn001){ref-type="table-fn"}   2.67                                          2.38[^a^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  Intergenic   rs135087545                                   \-                                            \<0.0001                                      0.2098   0.0005   `AA`   2.82[^ab^](#t003fn001){ref-type="table-fn"}   3.11                                         2.95[^ab^](#t003fn001){ref-type="table-fn"}
  `AG`         1.86[^b^](#t003fn001){ref-type="table-fn"}    2.69                                          2.27[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `GG`         3.16[^a^](#t003fn001){ref-type="table-fn"}    3.16                                          3.15[^a^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  Intergenic   rs41839733                                    \-                                            0.0293                                        0.6348   0.3035   `CC`   3.14[^b^](#t003fn001){ref-type="table-fn"}    2.77                                         2.95
  `TC`         2.55[^ab^](#t003fn001){ref-type="table-fn"}   3.08                                          2.81                                                                                                                                                              
  `TT`         2.11[^a^](#t003fn001){ref-type="table-fn"}    2.90                                          2.50                                                                                                                                                              
  Intergenic   rs42486577                                    \-                                            0.0014                                        0.0052   0.0002   `CC`   2.85[^b^](#t003fn001){ref-type="table-fn"}    3.22[^b^](#t003fn001){ref-type="table-fn"}   3.03[^b^](#t003fn001){ref-type="table-fn"}
  `TC`         1.85[^a^](#t003fn001){ref-type="table-fn"}    2.26[^a^](#t003fn001){ref-type="table-fn"}    2.06[^a^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `TT`         \-                                            \-                                            \-                                                                                                                                                                
  *CACNG4*     rs136661522                                   1                                             0.0023                                        0.2785   0.0190   `AA`   2.93[^a^](#t003fn001){ref-type="table-fn"}    2.99                                         2.95[^a^](#t003fn001){ref-type="table-fn"}
  `AG`         2.20[^b^](#t003fn001){ref-type="table-fn"}    3.03                                          2.62[^ab^](#t003fn001){ref-type="table-fn"}                                                                                                                       
  `GG`         1.23[^b^](#t003fn001){ref-type="table-fn"}    2.15                                          1.70[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  Intergenic   rs110882543                                   \-                                            0.0062                                        0.4990   0.0609   `AA`   2.14[^a^](#t003fn001){ref-type="table-fn"}    2.83                                         2.49
  `AG`         2.85[^b^](#t003fn001){ref-type="table-fn"}    3.14                                          2.99                                                                                                                                                              
  `GG`         3.36[^b^](#t003fn001){ref-type="table-fn"}    2.77                                          3.07                                                                                                                                                              
  *SLC9A4*     rs110864071                                   2                                             0.0003                                        0.1005   0.0008   `TT`   2.94[^a^](#t003fn001){ref-type="table-fn"}    3.17                                         3.05[^a^](#t003fn001){ref-type="table-fn"}
  `TC`         1.82[^b^](#t003fn001){ref-type="table-fn"}    2.61                                          2.21[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `CC`         1.40[^b^](#t003fn001){ref-type="table-fn"}    2.33                                          1.91[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  *SLC9A4*     rs109722627                                   8                                             0.0002                                        0.3371   0.0044   `GG`   3.43[^a^](#t003fn001){ref-type="table-fn"}    3.13                                         3.28[^a^](#t003fn001){ref-type="table-fn"}
  `TG`         2.32[^b^](#t003fn001){ref-type="table-fn"}    3.01                                          2.66[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        
  `TT`         1.94[^b^](#t003fn001){ref-type="table-fn"}    2.61                                          2.27[^b^](#t003fn001){ref-type="table-fn"}                                                                                                                        

^a,b^ Means with different superscript by trait and SNP are significantly different (*P* \<0.05). EV = Exit velocity, PS = Pen Score, TS = Temperament Score.

Discussion {#sec009}
==========

Currently, information about the molecular basis of temperament traits is scarce. Notably, even though the *Bos indicus* breeds seem to show the widest spectrum of temperament expression in reported studies, their use as a model is rare \[[@pone.0237825.ref016], [@pone.0237825.ref008]\]. Here we studied a Brahman population to identify candidate genes and genomic regions associated with cattle temperament, expressed as EV.

Significant intergenic SNPs {#sec010}
---------------------------

The mapping of the regions around the intergenic SNPs identified in the GWAS allowed identification of seventeen candidate genes. Some of them such as *ACER3* (BTA 15), *VRK2* (BTA 11), *FANCL* (BTA 11), and *SLCO3A1* (BTA 21) could be considered to be candidate genes, due their reported biological functions. These genes were located on BTA that according to the Cattle Quantitative Trait Locus (QTL) Database (<https://www.animalgenome.org/cgi-bin/QTLdb>) \[[@pone.0237825.ref017]\], harbour QTLs related to bovine temperament: a) BTA 11 (Social separation---Standing alert; tendency of an animal to stand alert upon separation from its pen mates); b), BTA 15 (Temperament; milking temperament, pen score and reactivity).

The *ACER3* gene catalyzes the hydrolysis of C18:1, the major unsaturated long-chain ceramide in the brain to sphingosine, its phosphorylated form sphingosine-1-phosphate (S1P), which has been implicated in the survival of neurons, and its dyshomeostasis has been associated with different neurodegenerative disorders \[[@pone.0237825.ref018]\]. It has been demonstrated in mice that *ACER3* plays an important protective role, since it controls the homeostasis of ceramides and their derivatives such as S1P, avoiding the appearance of neurological disorders such as cerebellar ataxia \[[@pone.0237825.ref018]\]. Little is known about the physiological function of the *VRK2* gene. It is a serine-threonine which is potentially involved in neural proliferation and migration due to its interaction with multiple biological pathways (i.e., neurite initiation and axon outgrowth) \[[@pone.0237825.ref019]\]. The lack of *VRK2* interferes with synaptic functions, knockout mice for this gene show changes in their social behavior \[[@pone.0237825.ref020]\]. In genome wide association studies in humans, *VRK2* has been consistently associated with psychiatric and neurodegenerative disorders such as schizophrenia, major depressive disorder and genetic generalized epilepsy. The rs2312147 in the intron of this gene has been repeatedly associated with schizophrenia in large human populations of European and Asian individuals \[[@pone.0237825.ref019]\].

The *FANCL* gene codes for an ubiquitin ligase, which is found like *VRK2* in a region associated with schizophrenia, due to the SNPs rs11682175 and rs75575209 being found in LD, they were identified by the Schizophrenia Working Group of the Psychiatric Genomics Consortium when studying 36,989 cases and 113,075 controls \[[@pone.0237825.ref021]\]. In the same way in this work we identified the candidate genes *VRK2* and *FANCL* from SNPs rs134895560 and rs110882543 (r^2^ = 0.82). Some studies have corroborated the relationship of genes identified through studies of GWAS with schizophrenia; such is the case of *FANCL* which has been identified by 2 studies of TWAS (Transcriptome-wide association study) as a gene with transcriptome-wide significant association from different samples of patients with schizophrenia \[[@pone.0237825.ref022], [@pone.0237825.ref023]\]. The *SLCO3A1* gene is abundantly expressed in the postnatal brain of mice \[[@pone.0237825.ref024]\]. This gene participates in networks of genes involved in neurological and developmental disorders \[[@pone.0237825.ref025]\]. In humans through GWAS, one SNP has been identified within this gene, associated with Parkinson\'s disease \[[@pone.0237825.ref026]\]. Interestingly, here we identified two SNPs located at the SLC family at *SLC18A2*, which were associated with temperament traits in the studied population. Garza-Brenner et al. \[[@pone.0237825.ref027]\] also identified a SNP in this gene with an effect on Pen Score in Charolais cattle.

Intronic temperament-associated SNPs {#sec011}
------------------------------------

Five SNPs located at introns of genes *NRXN3*, *EXOC4*, *CACNG4* and *SLC9A4* in Brahman cattle were identified. Although none of these genes have been previously identified with influence on bovine temperament, we could hypothesize their role on the basis of the reported genomic studies where they have been identified. In humans, these genes have been associated with different neurodegenerative disorders (i.e., Alzheimer and Parkinson's disease) and neuropsychiatric disorders (i.e. autism and schizophrenia); for most of them, genetic variations and polymorphisms have been reported in association with a particular expression of each these diseases. Considering that the aforementioned disorders have as a common denominator, aspects related to the expression of behaviors as a response to stress and fear, and that temperament is a reflection of an animal´s stress response, innate fear or reaction to handling, as well as animal´s aggressiveness \[[@pone.0237825.ref006], [@pone.0237825.ref028]\], all of the genomic information about the genes and pathways previously related in humans could allow us to see patterns and consider the reported pathway interactions as candidates to also explain bovine temperament. Thus for example, the rs135982573 marker identified with significant effect for EV, is located at intron one of the *NRXN3* genes; neurexins (*NRXN*s) act predominantly at the presynaptic terminal in neurons and play essential roles in neurotransmission and differentiation of synapses \[[@pone.0237825.ref029]\]. In humans, genetic variations in neuroxins have been associated with disorders affecting cognition and behavior via molecular mechanisms including cell adhesion, synaptic transmission and neurotransmitter secretion, \[[@pone.0237825.ref030]\]. In a bovine population, Qanbari et al. \[[@pone.0237825.ref031]\] found candidate selection regions harboring genes related to phenotypes relevant to domestication, such as neurobehavioral functioning. *NRXN1* has been proposed as a candidate gene for behavioral traits such as a moderate temperament. Although the molecular basis of the effect of *NRXN3* with temperament in cattle has not been directly determined, according to the STRING database (<https://string-db.org/>), this gene has interactions with the *AMPA2* (*GRIA2*) gene, supported by text mining and co-expression. Lindholm-Perry et al. \[[@pone.0237825.ref032]\] reported that a SNP near *GRIA2* was nominally associated with flight speed, a predictive indicator of bovine temperament. This interaction can be supported by the fact that both families of genes Neurexin and *AMPA* receptors are sorted by *SorCS1* receptor, regulating neurexin and *AMPAR* surface trafficking \[[@pone.0237825.ref033]\]. Further studies are needed to investigate the effect of these interacting genes and their genetic variation influencing bovine temperament.

Association of the SNP rs109393235 located at intron 7 of the *EXOC4* gene, was also found. This gene has been implicated in insulin processing and protein metabolism \[[@pone.0237825.ref034]\]. It has been associated with reproductive traits (age at first calving) in Canchim beef cattle using a GWAS approach \[[@pone.0237825.ref035]\]. Interesting, in humans, intronic polymorphisms and other genetic variations have been associated neurological disorders such as Alzheimer\'s, dementia, schizophrenia and personality disorders \[[@pone.0237825.ref036]\].

The rs136661522 is located at intron 1 of the *CACNG4* gene. The *CACNG4* gene in cattle has been associated with milk yield traits in Polish Holstein dairy cattle \[[@pone.0237825.ref037]\] and with sperm motility in cattle, humans and mice \[[@pone.0237825.ref038]\]. The Voltage-gated L-type calcium channels (VLCC) play an important role both in the nervous system (intracellular flow of Ca^2+^ by action potentials in the synapse) and in the cardiovascular system (regulates excitation-contraction coupling in the heart), because the *CACNG1* to *CACNG8* genes have been identified as regulators of VLCC function (activation and inactivation), it has been shown that *CACNG4* interacts physically with the cardiac voltage-gated Ca^2+^ channel, regulating its function. However; its implications are yet unknown \[[@pone.0237825.ref039]\]. This is relevant because bovine temperament affects the activation of cardiovascular system. Because this gene is expressed in the human brain, it has been identified as a candidate gene to be involved in the risk of susceptibility to schizophrenia, since SNP near this gene showed a significant effect in a human population \[[@pone.0237825.ref040]\].

The *SLC9A4* gene, which harbors 2 SNPs in introns 2 and 8, respectively, is part of the *SLC* family, which, as previously mentioned, transports various molecules, such as inorganic ions, fatty acids, saccharides and neurotransmitters \[[@pone.0237825.ref041]\]. *SLC9A4* corresponds to a group of Na^+^/H^+^ exchangers, which are expressed in the stomach, small intestine, colon, skeletal muscle and brain and it has been associated with metabolic diseases \[[@pone.0237825.ref042]\]. However, given that in mice it is mostly expressed in the hippocampus of the brain, it could be expected that in some way, it is involved in the expression of temperament \[[@pone.0237825.ref042]\]. Some genes of the *SCL9A* family (*SLC9A1*) have been associated with neurological disorders, such as epilepsy and bovine genes of the SLC family, such as *SLC18A2* and *SLC6A4*, have been identified as candidates associated with bovine temperament, in Charolais populations, *SLC18A2* has been shown to have a significant effect on Pen Score \[[@pone.0237825.ref027]\].

At present, the GWAS approach is considered to be a viable strategy to identify disease- and trait-associated genetic variants, interestingly most of the variants discovered (\~ 93%) using GWAS, are located in non-coding regions (i.e., introns, promoters, intergenic regions) \[[@pone.0237825.ref043]\]. In humans, for example, it has been reported that of a total of 920 GWAS studies for different diseases and traits (which included a large number of neurological and behavioural projects), only 4.9% represent genetic variants located in exons, 52.6% in intergenic regions (1Mb of nearest transcriptional start site) and 41% in intronic regions \[[@pone.0237825.ref044]\]. We used the contrasting group strategy and were able to identify 5 and 9 SNPs in the intronic and intergenic regions associated with EV, respectively. Further investigation is needed to identify candidate genes close to this genomic region, because until now no genes were mapped in this region.

An interesting result was the identification of associated SNP in introns of genes. It is known that the primary sequence of a gene is not limited to expression of a protein, but it also implies elements located outside the protein-coding regions, such as introns, since these may have both direct effects such as alternative splicing, enhanced gene expression or indirect effects, source of new genes, or may harbour several kinds of noncoding functional RNA genes \[[@pone.0237825.ref043]\]. In humans, neurological disorders such as schizophrenia are under the control of variants that affect gene expression, rather than variants that affect protein structure \[[@pone.0237825.ref021]\]. Similarly, for this same neurological disorder, it has been identified that there are relationships with intronic SNPs that upregulate the expression of splice variants in the human brain \[[@pone.0237825.ref045]\].

Further investigation will allow definition of the role of the five intronic SNPs identified in this study; they are potential candidates to address control of bovine temperament, as has been demonstrated for some neurological disorders in humans.

Conclusions {#sec012}
===========

The genomic analysis of a Brahman population contrasting in their temperaments allowed identification of fourteen intergenic and intragenic SNPs, associated with EV. The identification of candidate genes harboring or close to these associated SNPs, suggests that cattle temperament may involve clusters of genes implicated in different biological pathways. Further studies are needed to determine how variation in these genes will impact expression of temperament.

Supporting information {#sec013}
======================

###### File PLINK MAP.

Contains the BTA, SNP identifier, genetic distance (morgans), base-pair position (bp units) of the SNPs analyzed.

(TXT)

###### 

Click here for additional data file.

###### File PLINK PED.

Contains the family ID, individual ID, paternal ID, maternal ID, sex (1 = male; 2 = female), phenotype (-9 missing 0 missing, 1 calm, 2 temperamental) of the animals analyzed.

(TXT)
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Click here for additional data file.

###### File temperament measurements.

Contains the animal ID, birth date and values of EV, PS, TS.

(TXT)

###### 

Click here for additional data file.
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Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.
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**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes
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2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Majors

The objective of present study was to identify genomic regions and genes associated with cattle temperament. The authors found that fourteen SNPs were associated with exit velocity with allowed the identification of fourteen candidate genes for temperament in Brahman. Also, five intronic SNPs were candidates to address control of bovine temperament. Although there was little problem in the present form, the authors had better revise the following points:

1\. As you wrote in L301-304, the aim of this manuscript was to identify the genes associated with temperament, such as stress response, innate fear, reaction to handling and aggressiveness. Considerations seemed to be insufficient in Discussion. You indicated the associations of candidate genes with results in other reports, but these associations were indirect and ambiguous. For example, in L241-248, the readers could not understand the relationship between the SNP and temperament (stress response, innate fear, reaction to handling and aggressiveness) even if "rare mutations and copy-number variations of human neurexin genes have been linked to autism and schizophrenia". The authors should indicate the mechanism for mutation of neurexin genes induced autism and schizophrenia, and then the relationship between autism/schizophrenia and temperament (stress response, innate fear, reaction to handling and aggressiveness). As for other mutations, you should describe them.

Minor: There were some typographical errors.

L87-8: add the approval number.

L185: insert a space between "0.266)," and "and"

L206-7: indicate not only web address but also references.

L213: add any references.

L245: add any references.

L247: add any references.

L286: add any references.

L288: add any references.

L253: polymorphismos -\> polymorphisms

Reviewer \#2: A genome-wide association study identifies novel candidate genes related to cattle

Temperament. PONE-D-20-11947

Temperament of animals, a polygenic difficult-to-measure trait, is important in some farming systems. In this study authors presented the results of a GWAS carried out in Brahman cattle. At this point I prefer to focus on major aspects regarding the methodology used.

In particular, statistical analysis and GWAS model are not appropriately described, thus \"Materials and Methods\" section needs to be improved. Just few examples:

L127-133: how was the genome-wide association study performed? Pedigree size? Model? Software?

L134-143: not clear why you chose these 14 SNP (I can guess why, but it can be not clear for all the readers); Furtherly, it is not clear how you estimated the LSM.

L135 and L145: at this point I do not really understand if you consider all the 3 traits (as in L135) or only EV (as in L145). It seems that you provide results only for EV, but you mention other 2 traits twice in the manuscript (e.g. L95-103).

Apart from this, I also strongly suggest to use the last available and more accurate assembly for Bos Taurus, the ARS-UCD 1.2, for the codification.

Few minor comments:

L61: 'indirect estimation of heritability'

L64: define the abbreviation 'SNP' here

L77: the reader may get confused at this point; I recommend to write 'in two extreme groups, i.e. 'calm' and 'temperamental' animals.'

L80: 'show better growth performance than'

L82: 'newborn animals' rather than 'neonates'

L82-83: 'would help Brahman farmers in decision making and will improve human safety and animal welfare'

L95: delete reference name

L95-103: a bullet point would be easier to follow; anyway, the list and description provided may fit better in the introduction rather than in M&M, since you use only EV in this study

L108: be consistent with the use of 'EV' throughout the text; sometimes I see the full name

L125: rephrase as 'individuals with more than 10% missing genotypes were also excluded'

L126: provide the % of females and the % of males defined as 'calm'

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Angela Costa

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Editor:

Here, you will find our responses to the reviewers' questions. In general, to complete all of the requested revisions, necessary, major modifications in the methods, results and discussion sections of the manuscript were accomplished. In the former, we reanalyzed the physical position of significant SNPs based on bovine Bos taurus genome (ARS-UCD 1.2) and in the discussion we added information about how previously described genes in the human allowed us to infer their role in bovine temperament. All minor requirements were completed according to reviewer instructions.

Reviewer \#1: Majors

1\. As you wrote in L301-304, the aim of this manuscript was to identify the genes associated with temperament, such as stress response, innate fear, reaction to handling and aggressiveness. Considerations seemed to be insufficient in Discussion. You indicated the associations of candidate genes with results in other reports, but these associations were indirect and ambiguous. For example, in L241-248, the readers could not understand the relationship between the SNP and temperament (stress response, innate fear, reaction to handling and aggressiveness) even if "rare mutations and copy-number variations of human neurexin genes have been linked to autism and schizophrenia". The authors should indicate the mechanism for mutation of neurexin genes induced autism and schizophrenia, and then the relationship between autism/schizophrenia and temperament (stress response, innate fear, reaction to handling and aggressiveness). As for other mutations, you should describe them.

Authors: In L244-L255 of the revised manuscript, we included a more detailed description at the beginning of this discussion in order to introduce to the readers our inferences about how previously described genes in human disorders could be the basis to study their role in bovine temperament. It is worthy to notice that until now all association studies in humans and non-humans are allowing the scientist to explore and hypothesize about the genetic architecture of complex traits. The results of these GWAS investigations are the starting point to study at the molecular level how the discovered candidate genes are involved in expression of the trait. For most of these genes the mutation mechanisms are still unknown, but a wide number of studies support its association to expression of the disorder.

Minor: There were some typographical errors.

L87-8: add the approval number.

L185: insert a space between "0.266)," and "and"

L206-7: indicate not only web address but also references.

L213: add any references.

L245: add any references.

L247: add any references.

L286: add any references.

L288: add any references.

L253: polymorphismos -\> polymorphisms

Authors: We attended to all of the listed minor requirements according to reviewer's instructions.

Reviewer \#2: A genome-wide association study identifies novel candidate genes related to cattle

1\. L127-133: how was the genome-wide association study performed? Pedigree size? Model? Software?

Authors: In the L122-L125 of the revised manuscript we include the requested information

2\. L134-143: not clear why you chose these 14 SNP (I can guess why, but it can be not clear for all the readers); Furtherly, it is not clear how you estimated the LSM.

Authors: After a Genome Wide Association Study analysis using a case control approach, these 14 SNPs were significantly associated indicating the putative position of QTLs for our assessed temperament traits (please see L130-131).

Least Square Means were estimated from the mixed model fitted for each marker included in the model, a complete description was included (please see L144-146).

3\. L135 and L145: at this point I do not really understand if you consider all the 3 traits (as in L135) or only EV (as in L145). It seems that you provide results only for EV, but you mention other 2 traits twice in the manuscript (e.g. L95-103).

Authors: We achieved the GWAS analysis with PLINK 1.9 software as cases and controls (please see L122-125); we classified the population into calm and temperamental groups from exit velocity (EV; please see L106-L118), although PLINK already shows that there is a significant association between the significant SNPs and bovine temperament, we also included an additional association analysis (as is described on L138-146) to estimate the quantitative effect of these markers on exit velocity, and other temperament parameters that were available for this population (i.e., Pen Score and Temperament Score).

4\. Apart from this, I also strongly suggest to use the last available and more accurate assembly for Bos taurus, the ARS-UCD 1.2, for the codification.

Authors: As is described in L131-L134, we reanalyzed the physical position of significant SNPs based on the bovine Bos taurus genome (ARS-UCD 1.2), because of this update additional precision in the number of the described genes were needed in the results section and in some tables. All changes were highlighted.

Few minor comments:

L61: 'indirect estimation of heritability'

L64: define the abbreviation 'SNP' here

L77: the reader may get confused at this point; I recommend to write 'in two extreme groups, i.e. 'calm' and 'temperamental' animals.'

L80: 'show better growth performance than'

L82: 'newborn animals' rather than 'neonates'

L82-83: 'would help Brahman farmers in decision making and will improve human safety and animal welfare'

L95: delete reference name

L95-103: a bullet point would be easier to follow; anyway, the list and description provided may fit better in the introduction rather than in M&M, since you use only EV in this study

L108: be consistent with the use of 'EV' throughout the text; sometimes I see the full name

L125: rephrase as 'individuals with more than 10% missing genotypes were also excluded'

L126: provide the % of females and the % of males defined as 'calm'

Authors: We attended to all of the listed minor requirements according to reviewer instructions

###### 

Submitted filename: Response to reviewers.docx

###### 

Click here for additional data file.
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Dear Dr. Sifuentes-Rincón,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

Please revise the manuscript in response to Reviewer 2 who suggested a couple of small editorial changes.

==============================

Please submit your revised manuscript by Aug 23 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Raluca Mateescu

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: Overall, authors answered to my questions and my major concern was solved.

I am satisfied with the new version.

Some minor changes and suggestions

• Table 3: Least square means would be easier to read if you add a row between different SNP in order to separate them. In addition, you can remove the SE, as you already have the letters of the t-test. Note that usually superscript letters are adopted for this purpose.

• For consistency, consider to use always 'BTA' instead of 'Chr' or 'chromosome' throughout the whole manuscript (see line 69, 71, 72, 74, 150, 204, 205, 206...)

• Line 133: 'on the last available Bos Taurus genome'

• Lines 142-143: I recommend to briefly explain why you used year of birth as random effect

• Table 1: position in Mb is sufficient

• Table 2: 'gene ID' is not needed

• Should sub-titles be smaller than the main section title? (see for example "Discussion" and Line 202 or Line 242)

• Consider to change the title as 'Novel genes involved in the genetic architecture of temperament in Brahman cattle' ...I think it sounds more appealing

• It makes sense to add the (phenotypic and genetic) correlations available in the literature for cattle exit velocity, pen score, and temperament score

Best regards

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: **Yes: **Angela Costa

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Editor:

Here, you will find our responses to Reviewer \#2 changes and suggestions.

In general, minor changes in format were necessary and were attended as is detailed. The major review was a change in the manuscript title, however, we are agreeing with the Reviewer ´s suggestion and accepted the new title.

Reviewer \#2: Overall, authors answered to my questions and my major concern was solved. I am satisfied with the new version.

Some minor changes and suggestions

• Table 3: Least square means would be easier to read if you add a row between different SNP in order to separate them. In addition, you can remove the SE, as you already have the letters of the t-test. Note that usually superscript letters are adopted for this purpose.

Authors: We attended the requirements according to reviewer recommendation.
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